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(54) Method of making GaN single crystal and apparatus for making GaN single crystal 



(57) An apparatus comprises a Ga-disposing sec- 
tion in which Ga is disposed; a seed-crystal -disposing 
section in which a seed crystal of GaN is disposed; a 
synthesis vessel adapted to accommodate the Ga-dis- 
posing section, the seed-crystal-disposing section, and 
a gas containing nitrogen; heating means adapted to 
heat the Ga-disposing section and the seed-crystal-dis- 
posing section; and a control section for transmitting to 



the heating means a command for heating the Ga to an 
evaporation temperature of Ga or higher and heating the 
seed crystal to a temperature higher than that of the Ga, 
wherein the Ga evaporated by the heating means is 
adapted to react with the nitrogen of a nitrogen compo- 
nent in the gas so as to yield a GaN -forming gas, the 
GaN-forming gas being adapted to reach the seed-crys- 
tal-disposing section. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a method of 
making a GaN single crystal and apparatus for making 
a GaN single crystal in which high-quality GaN suitable 
for semiconductor electronic components is grown. 

Related Background Art 

[0002] In recent years, attention has been paid to GaN 
as a semiconductor material which can emit blue and 
ultraviolet rays. Conventionally employed as a method 
of forming an epitaxial film of GaN single crystal is an 
epitaxial method such as MOCVD method using an or- 
ganic metal and ammonia as its Ga source and nitrogen, 
respectively. 

SUMMARY OF THE INVENTION 

[0003] As described in Nakamura, S., Jp. j. Appi. 
Phys. Vo. 360L1705 (1991), however, the MOCVD 
method may be problematic in that the growth rate is 
only several jim/h, whereby the GaN single crystal 
grows very slowly. If the temperature of the substrate is 
raised in order to enhance the growth rate, then the Ga 
source supplied by the organic metal will decompose in 
a vapor phase so as to be exhausted, thereby eventually 
determining the Ga supplying rate. 
[0004] Also, a high-quality epitaxial film has been re- 
quired for GaN to be used as a semiconductor material, 
thus making it necessary for the inventors to make a 
GaN single crystal having a higher quality than that con- 
ventionally obtained. 

[0005] In view of such circumstances, it is an object 
of the present invention to provide a method of making 
a GaN single crystal and an apparatus for making a GaN 
single crystal in which a high-quality GaN single crystal 
can be obtained at a high growth rate. 
[0006] The method of making a GaN single crystal in 
accordance with the present invention comprises a dis- 
posing step of, in a gas containing a nitrogen atom, dis- 
posing Ga in a first temperature area T, and disposing 
a seed crystal of GaN in a second temperature area T 2 
that is higher than said first temperature area T., ; a Ga- 
evaporating step of evaporating the Ga from the first 
temperature area T.,; a GaN-forming-gas-generating 
step of generating a GaN-forming gas by reacting thus 
evaporated Ga and a nitrogen component in the nitro- 
gen-containing gas ; and a single-crystal-forming step 
of causing the GaN-forming gas to reach the seed crys- 
tal so as to form the GaN single crystal. 
[0007] First, in the method of making a GaN singl 
crystal in accordance with the present invention, Ga is 
evaporated as being heated by the first temperature ar- 



ea T, . Here, as the temperature of the first temperature 
area T 1 is regulated, the partial pressure of Ga can be 
adjusted. 

[0008] Subsequently, thus evaporated Ga is reacted 
s with a nitrogen component in a gas, whereby a GaN- 
forming gas is generated. As the GaN-forming gas 
reaches the seed crystal of GaN, the GaN single crystal 
is formed. Here, as the seed crystal, a GaN single crystal 
substrate may also be used. 
10 [0009] Here, the partial pressure of Ga can be adjust- 
ed by regulating the temperature of the first temperature 
area T A as mentioned above, and the partial pressure 
of nitrogen can be made substantially identical to the 
partial pressure of Ga by regulating the amount of sup- 
75 ply of the nitrogen -containing gas, whereby a GaN sin- 
gle crystal substrate having a high quality can be ob- 
tained. 

[0010] By using a liquid or a solid source of Ga, the 
present invention lowers the partial pressure of hydro- 

20 gen in the atmosphere, thereby eliminating the problem 
of the GaN single crystal being etched. Also, since no 
organic metal is used as the Ga source, the carbon con- 
centration in the film can be lowered. Further, since no 
unstable organic metal is used, there would be no prob- 
25 lems of particles caused by decomposition of the organ- 
ic metal in the vapor phase, whereby a sufficient Ga 
source can be supplied. As a consequence, the above- 
mentioned problem of determining the Ga supply rate 
in the MOCVD method can be solved, whereby high- 

30 speed growth is enabled. 

[0011] Preferably, in the present invention, a shield 
made of a member selected from the group consisting 
of carbon, a high-melting metal, quartz, and GaN is dis- 
posed at a boundary between Ga in a liquid phase and 

35 Ga in a vapor phase in the first temperature area T t , so 
as to control the vapor pressure of Ga. Here, as carbon, 
glass-like carbon (glassy carbon) is suitable in particu- 
lar, which forms an excellent shield without reacting with 
Ga even at a high temperature. 

40 [0012] Preferably, in the single-crystal-forming step, 
the seed crystal is rotated at 100 rpm or over. Thus ro- 
tating the seed crystal at a high speed can minimize the 
film thickness distribution and enables higher-speed 
growth. It is due to the fact that the rotation would thin 

4S the diffusion layer of the substrate surface, thereby in- 
creasing the driving force for diffusion. 
[001 3] Preferably, an argon gas or a nitrogen gas is 
used as a carrier gas of the Ga evaporated from the first 
temperature area T 1 . Using the argon gas or nitrogen 

50 gas as the carrier gas can prevent by-products from be- 
ing generated. 

[001 4] The apparatus for making a GaN single crystal 
in accordance with the present invention comprises a 
Ga-disposing section in which Ga is disposed; a seed- 
55 crystal-disposing s ction in which a seed crystal of GaN 
is dispos d; a synth sis vessel adapted to accommo- 
dat the Ga-disposing section, the seed-crystal-dispos- 
ing section, and a gas containing nitrogen; heating 
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means adapted to heat the Ga-disposing section and 
the seed -crystal -disposing section; and a control sec- 
tion for transmitting to the heating means a command 
for heating the Ga to an evaporation temperature of Ga 
or higher and heating the seed crystal to a temperature 5 
higher than that of the Ga, wherein the Ga evaporated 
by the heating means is adapted to react with the nitro- 
gen of a nitrogen component in the gas so as to yield a 
GaN-fonming gas, the GaN-forming gas being adapted 
to reach the seed-crystal-disposing section. 10 
[001 5] In the apparatus for making a GaN single crys- 
tal in accordance with the present invention, Ga is evap- 
orated by the heating means receiving the command 
from the control section. Here, as the heating tempera- 
ture of Ga is regulated, the partial pressure of Ga can is 
be adjusted. Subsequently, thus evaporated Ga is re- 
acted with nitrogen, whereby a GaN-forming gas is gen- 
erated. Then, as the GaN-forming gas reaches the seed 
crystal disposed in the seed-crystal-disposing section, 
the GaN single crystal is formed. 20 
[0016] Here, the partial pressure of Gacan be adjust- 
ed by regulating the temperature of the Ga-disposing 
section, and the partial pressure of nitrogen can be 
made substantially identical to the partial pressure of Ga 
by regulating the amount of supply of the nitrogen-con- 2s 
taining gas into the synthesis vessel, whereby a high- 
quality GaN single crystal can be obtained. 
[0017] By using a liquid or a solid source of Ga, the 
present invention lowers the partial pressure of hydro- 
gen in the atmosphere, thereby eliminating the problem 30 
of the GaN single crystal being etched. Also, since no 
organic metal is used as the Ga source, the carbon con- 
centration in the film can be lowered. Further, since no 
unstable organic metal is used, there would be noprob-* 
lems of particles caused by decomposition of the organ- 35 
ic metal in the vapor phase, whereby a sufficient Ga 
source can be supplied. As a consequence, the above- 
mentioned problem of determining the Ga supply rate 
in the MOCVD method can be solved, whereby the GaN 
single crystal can be grown at a high speed. *o 
[001 8] Preferably, in the apparatus for making a GaN 
single crystal in accordance with the present invention, 
an inner face of the synthesis vessel is formed from dia- 
mond-like carbon or glass-like carbon. This can sup- 
press natural nucleation in the inner face of the synthe- 
sis vessel, thus allowing a high-quality GaN single crys- 
tal to be synthesized. 

[0019] Preferably, a heat shield made of graphite is 
disposed outside the synthesis vessel. This can sup- 
press the heat dissipation caused by heat radiation. so 
[0020] Preferably, the heat shield is made of a plurality 
of rectangular graphite sheets disposed close to each 
other with a gap therebetween, such as to yield substan- 
tially a cylindrical form as a whole. This can suppress 
the induced curr nt caused by high-fr quency h ating. ss 
Furth r, if a plurality of such heat shi Ids are disposed 
radially of the synthesis vessel, then the heat dissipation 
and induced current can further b suppressed. 



[0021] The present invention will become more fully 
understood from the detailed description given herein- 
betow and the accompanying drawings which are given 
by way of illustration only; and thus are not to be con- 
sidered as limiting the present invention. 
[0022] Further scope of applicability of the present in- 
vention will become apparent from the detailed descrip- 
tion given hereinafter. However, it should be understood 
that the detailed description and specific examples, 
while indicating preferred embodiments of the invention, 
are given by way of illustration only, since various 
changes and modifications within the spirit and scope 
of the invention will become apparent to those skilled in 
the art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] 

Fig. 1 is a schematic configurational view showing 
an apparatus for making a GaN single crystal in ac- 
cordance with the present invention; and 
Fig. 2 is a sectional view of the apparatus for making 
a GaN single crystal shown in Fig. 1 taken along the 
ll-ll direction. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0024] In the following, a preferred embodiment of the 
method of making a GaN single crystal and apparatus 
for making a GaN single crystal in accordance with the 
present invention will be explained in detail. 
[0025] Fig. 1 is a view showing an apparatus 20 for 
making a GaN single crystal in accordance with this em- 
bodiment, whereas Fig. 2 is a sectional view of the ap- 
paratus 20 shown in Fig. 1 taken along the ll-ll direction. 
[0026] In this apparatus 20, a hot wall 1, which is a 
cylindrical synthesis vessel made of graphite, is consti- 
tuted by an upper hot wall 1a and a lower hot wail 1b 
each having a cylindrical form. The upper end of the up- 
per hot wall 1 a is closed with a disk-shaped lid 2. On the 
other hand, the lower hot wall 1 b has a double structur 
in which two cylinders radially align with each other with 
a slight gap therebetween. Each of the inner peripheral 
faces of the upper hot wall la and lower hot wall lb is 
formed from diamond-like carbon or glass-like carbon 
(glassy carbon) having a high smoothness. Preferably, 
the inner peripheral faces of the upper hot wall la and 
lower hot wall 1 b have a surface roughness of R max < 
10 u.m. 

[0027] Inside the lower hot wall 1b, a Ga-accommo- 
dating crucible (Ga-disposing section) 3, having a bot- 
tom d cylind r form mad of graphite, is inserted so as 
to b axially movabl with a gap from the lower hot wall 
1 b. Th lower part of the Ga-accommodating crucibl 3 
is fixedly attached to the upper face of a disk-shaped 
crucible support 4 which is slidable along the inner pe- 
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ripheral face of the lower hot wall 1b, whereas a cylin- 
drical support shaft 5 connected to a not-illustrated drive 
source is fixedly attached to the center part of the lower 
face of crucible support 4. Namely, as the support shaft 
5 moves up and down, the Ga-accommodating crucible 
3 can move axially. Also, since the support shaft 5 has 
a hollow cylindrical form, the temperature of the bottom 
face of the crucible 3 can be measured with a two-tem- 
perature pyrometer. 

[0028] The center parts of the support shaft 5, crucible 
support 4. and crucible 3 are provided with an Ar gas 
supply pipe 6 for supplying an Ar gas as a carrier gas. 
Here, as the carrier gas, a nitrogen gas may be used in 
place of the Ar gas. Also, the outer periphery of the cru- 
cible support 4 is provided with a plurality of ammonia 
supply holes 7 for supplying an ammonia gas as a gas 
containing a nitrogen atom, which axially penetrate 
therethrough. 

[0&29] Within the crucible 3, a solid Ga source 8 is 
accommodated. (Here, Ga source 8 may also be liquid.) 
On the upper face of the Ga source 8, a disk-shaped 
shield 9, made of carbon, a high-melting metal, quartz, 
or GaN, for regulating Ga vapor pressure is mounted. 
The shield 9 for regulating Ga vapor pressure is formed 
with a plurality of passage holes 9a axially penetrating 
therethrough so as to allow Ga vapor to pass there- 
through. This shield 9 is used for regulating the area of 
the boundary between Ga in the melted liquid phase and 
Ga in the vapor phase, in order to control the vapor pres- 
sure from the Ga source 8. 

[0030] To the upper part of the crucible 3, a disk- 
shaped control plate 10 for uniformly supplying Ga va- 
por is fixedly attached. This control plate 10 is made of 
the same material as the shield 9, such that the upper 
end of a cylinder vertically disposed on the crucible 3 is 
provided with a disk, which is formed with a plurality of 
passage holes 1 0a axially penetrating therethrough. 
[0031] On the other hand, into the hot wall 1 at the 
upper part thereof, a cylindrical substrate-holder-sup- 
porting rod 1 1 penetrating through the center part of the 
lid 2 is inserted so as to be axially movable. To the lower 
end of the substrate-holder-supporting rod 11, a disk- 
shaped substrate holder (seed-crystal-disposing sec- 
tion) 12 is fixedly attached such as to close the lower 
end opening thereof. To the lower face of the substrate 
holder 1 2, a substrate 1 3 of GaN, which is a seed crystal, 
is fixedly attached with a paste made of glucose which 
has been melted at a high temperature or with a sol-gel 
of Si0 2 type. Since the support -holding rod 11 has a hol- 
low cylindrical form, the temperature of the substrate 1 3 
can be measured with a two-temperature pyrometer. Al- 
so, the substrate-holding rod 1 1 is disposed such as to 
be axially rotatable at a speed as high as 1 500 rpm. The 
outer periphery of the lid 2 is provided with a plurality of 
gas exhaust hoi s 1 4, axially penetrating ther through, 
for exhausting gases. 

[0032] Outside th hot wall 1 , as shown in Pig. 2, thre 
pieces of heat shields 1 5 are disposed concentrically, 



aligning in radial directions of th hot wall 1 . Each heat 
shield 15 is formed by a plurality of rectangular (strip- 
shaped) graphite sheets 15a disposed close to each 
other with a gap therebetween, such as to yield substan- 

s tially a cylindrical form as a whole, whereas the neigh- 
boring heat shields 1 5 are disposed such that their gaps 
would not overlap radially. Since the heat shields 1 5 are 
not formed from carbon fiber or porous graphite which 
is often used in general and causes impurity contami- 

io nation, there is no fear of impurity contamination. 

[0033] Outside the outermost heat shield 15, a cylin- 
drical quartz tube 16 made of quartz is disposed con- 
centrically with the heat shields 15. A coolant such as 
water is allowed to flow through the quartz tube 1 6, thus 

75 protecting the latter. Outside the quartz tube 1 6, RF work 
coils 17a, 17b, which function as heating means, are 
successively disposed from the upper side so as to en- 
able high-frequency heating of the hot wall 1 and the 
like. Also, a control section 18 for effecting temperature 

20 adjustment of the work coils 17a, 17b is connected 
thereto. 

[0034] Here, the hot wall 1, heat shields 15, and so 
forth are configured such as to be able to attain a vac- 
uum state as a whole within the range surrounded by 

25 the inner wall of the quartz tube 16. 

[0035] In thus configured apparatus 20, according to 
the command of the control section 18, heating control 
can be effected such that the temperature of the Ga 
source 8 is set to 600°C to 800°C by the work coil 17b 

30 and the temperature of the substrate 1 3 is set to 900°C 
to 1100°C by the work coil 17a. Namely, this apparatus 
20 is configured such that two areas consisting of a low- 
temperature area (first temperature area) Tj for the Ga 
source 8 and a high-temperature area (second temper- 

35 ature area) T 2 for the substrate 1 3 can be formed within 
the hot wall 1. 

[0036] With reference to Fig. 1 : a method of making 
a GaN single crystal by using thus configured apparatus 
20 for making a GaN single crystal will now be ex- 
40 plained. 

[0037] First, after the Ga source 8, the substrate 13 
of GaN single crystal, and the like were set to their pre- 
determined positions, the substrate-holder-supporting 
rod 11 was moved up to lift the substrate 13, the Ga 

45 source 8 was moved down together with the crucible 3, 
and then evacuation was effected for an hour in the 
space formed inside the inner wall of the quartz tube 16. 
Subsequently, an Ar gas was caused to flow into the ap- 
paratus 20 such as to yield a normal pressure (760 Torr) 

so and, with a coolant flowing through the quartz tube 16. 
the hot wall 1 was set to 1 500* C and baked for an hour, 
so as to effect degassing. 

[0038] Subsequently, the Ga source 8 was moved up 
together with the crucible 3 so as to attain the state 
55 shown in Fig. 1, the substrat -hold r-supporting rod 11 
and the substrat 1 3 were moved down to their pr d - 
termined positions, and then, with the substrate-holder- 
supporting rod 11 being rotated at 1000 rpm. the control 
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section 18 was operated to adjust the work coils 17a. 
17b such that the substrate 13 and the Ga source 8 at- 
tained temperatures of about 1 100°C and about 800°C, 
respectively. As the temperature setting is effected at 
such a normal pressure, crystals with inferior crystailin- 
ity can be prevented from growing. 
[0039] Thereafter, the pressure inside the inner wall 
of the quartz tube 1 6 was lowered to 5 Torr in the Ar gas 
atmosphere and, with this state being maintained, the 
Ar gas as the carrier gas was caused to flow from the 
Ar gas supply pipe 6, thereby causing Ga vapor to pass 
through the passage holes 9a of the shield 9 and further 
through the passage holes 10a of the control plate 10. 
Subsequently, the Ga vapor was reacted with ammonia 
supplied from the ammonia supply holes 7 in the vicinity 
of the substrate 1 3. Then, the resulting GaN-forming gas 
was caused to reach the substrate 1 3, so as to grow a 
GaN single crystal on the surface of the substrate 1 3 at 
a rate of 100 jam/h, whereby an epitaxial film of GaN 
single crystal having a diameter of 2 inches and a thick- 
ness of 0.5 mm was finally formed. 
[0040] In this embodiment, by adjusting the amount 
of ammonia supplied from the ammonia supply holes 7, 
the partial pressure of evaporated Ga determined by the 
heating temperature of the work coil 17b and the partial 
pressure of nitrogen contained in ammonia can be made 
substantially identical to each other. As a consequence, 
a high-quality GaN single crystal can be obtained. 
[0041] Further, since the inner peripheral surfaces of 
the upper hot wail la and lower hot wall 2b are formed 
from diamond-like carbon or glass-like carbon as men- 
tioned above, they can restrain natural nucleation from 
occurring in the inner face of the hot wall 1 , whereby a 
high-quality GaN single crystal can be formed. 
[0042] Also, since a solid source of Ga is used, the 
partial pressure of hydrogen within the hot wall 1 de- 
creases, whereby there is substantially no problem of 
the GaN single crystal being etched. Further, since no 
unstable organic metal is used as the Ga source, there 
would be no problems of particles caused by decompo- 
sition of the organic metal in the vapor phase. As a con- 
sequence, a sufficient amount of Ga can be supplied, 
so as to enable high-speed growth, and the GaN single 
crystal can be prevented from degrading due to the par- 
ticles. 

[0043] As the flow rate of the carrier gas transporting 
the evaporated Ga to the substrate is appropriately ad- 
justed, the transportation of Ga to the substrate can be 
accelerated, whereby the growth rate can be enhanced. 
Though greatly depending on the temperature of Ga, the 
flow rate of the carrier gas is preferably within the range 
of about 0.5 to 20 SLM. Ga may not sufficiently be sup- 
plied when the flow rate is too low, whereas droplets of 
Ga may be formed when the flow rate is too high. When 
th balance in supply of lements is adjust d, stoichi- 
ometry can be regulated. 

[0044] Since the heat shields 15 mad of graphite are 
disposed outside the hot wall 1, the heat dissipation 
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caused by heat radiation can be suppressed. Further, 
since the heat shield 1 5 comprises a plurality of graphite 
sheets 15a disposed with a gap therebetween, so as to 
yield substantially a cylindrical form as a whole, it can 
suppress the induced current caused by high-frequency 
heating. Also, since a plurality of such heat shields 15 
are disposed radially of the hot wall 1, the heat dissipa- 
tion and induced current can further be suppressed. 
[0045] Also, Ga, ammonia, and the like can be made 
of highly pure materials which are inexpensively availa- 
ble, and can greatly reduce the concentration of impu- 
rities in the epitaxially grown film. Further, since the sub- 
strate-holder-supporting rod 1 1 and the substrate 1 3 are 
rotated at 1 00 rpm or over, the film thickness distribution 
can be made uniform, so as to allow the in-plane homo- 
geneity to enhance, and diffusion can be accelerated, 
so as to raise the growth rate. 

[0046] When investigating the optical characteristic of 
thus obtained epitaxial film, a sharp band edge absorp- 
tion was observed. Also, upon Hall measurement, its 
electric characteristics revealed that n-type conduction 
had been formed. Further, when the substrate on the 
rear side was shaved off so as to investigate the light 
transmissibility of this epitaxial film, it was found to be 
favorable at a wavelength of 2 to 5 um, thus indicating 
this epitaxial film to be a good crystal which did not tak 
a large amount of impurities therein. 
[0047] Though the invention attained by the inventors 
is explained in detail with reference to the above-men- 
tioned embodiment in the foregoing, the present inven- 
tion should not be restricted to the above-mentioned 
embodiment. For example, as the means for heating the 
synthesis vessel such as crucible, resistance heating or 
the like may be used in place of the RF work coils. 
[0048] As explained in the foregoing, in the method of 
making a GaN single crystal and apparatus for making 
a GaN single crystal in accordance with the present in- 
vention, the partial pressure of Ga can be adjusted by 
regulating the temperature of the first temperature area 
40 T lt and the partial pressure of nitrogen can be made 
substantially identical to that of Ga by regulating the 
amount of supply of the nitrogen-containing gas, where- 
by a GaN single crystal substrate having a high quality 
can be obtained. 

[0049] In the present invention, by using a liquid or a 
solid source of Ga, the partial pressure of hydrogen in 
the atmosphere decreases, whereby there is no prob- 
lem of the GaN single crystal GaN being etched. Also, 
since no organic metaf is used as the Ga source, the 
carbon concentration in the film can be lowered. Further, 
since no unstable organic metal is used, there would be 
no problem of particles caused by decomposition of the 
organic metal in the vapor phase. As a consequence, a 
sufficient Ga source can be supplied, whereby GaN is 
allowed to grow at a high sp ed. 

[0050] From the invention thus d scribed, it will b ob- 
vious that th invention may be varied in many ways. 
Such variations are not to be regarded as a departure 
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from the spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in the 
art are intended for inclusion within the scope of the fol- 
lowing claims. 



Claims 

1. A method of making a single crystal GaN compris- 
ing: 10 

a disposing step of, in a gas containing a nitro- 
gen atom, disposing Ga in a first temperature 
area and disposing a seed crystal of GaN in 
a second temperature area T 2 that is higher '5 
than said first temperature area T t ; 
a Ga-evaporating step of evaporating said Ga 
from said first temperature area T 7 ; 
a GaN-forming-gas-generating step of gener- 
ating a GaN-forming gas by reacting said evap- 20 
orated Ga and a nitrogen component in said ni- 
trogen-containing gas; and 
a single-crystal-forming step of causing said 
GaN-forming gas to reach said seed crystal so 
as to form said GaN single crystal. 25 

2. A method of making a GaN single crystal according 
to claim 1 , wherein: 

a shield made of a member selected from the 30 
group consisting of carbon, a high-melting met- 
al, quartz, and GaN is disposed at a boundary 
between Ga in a liquid phase and Ga in a vapor 
phase in said first temperature area T v 
said shield controlling the vapor pressure of 35 
Ga. 

3. A method of making a GaN single crystal according 
to claim 1 or claim 2, wherein said seed crystal is 
rotated at 100 rpm or over in said single-crystal- 40 
forming step. 

4. A method of making a GaN single crystal according 
to any one of claims 1 -3, wherein an argon gas or 

a nitrogen gas is used as a carrier gas of the Ga *s 
evaporated from said first temperature area . 

5. An apparatus for making a GaN single crystal com- 
prising: 

so 

a Ga-disposing section in which Ga is dis- 
posed; 

a seed-crystal-disposing section in which a 
seed crystal of GaN is disposed; 
a synth sis v ssel adapted to accommodat ss 
said Ga-disposing section, said se d-crystal- 
disposing s ction. and a gas containing nitro- 
gen; 



heating means adapted to heat said Ga-dispos- 
ing section and said seed-crystal-disposing 
section; and 

a control section for transmitting to said heating 
means a command for heating said Ga to an 
evaporation temperature of Ga or higher and 
heating said seed crystal to a temperature high- 
er than that of said Ga, 

wherein said Ga evaporated by said heating 
means is adapted to react with the nitrogen of 
a nitrogen component in said gas so as to yield 
a GaN-forming gas, said GaN-forming gas be- 
ing adapted to reach said seed-crystal-dispos- 
ing section. 

6. An apparatus for making a GaN single crystal ac- 
cording to claim 5, wherein an inner face of said syn- 
thesis vessel is formed from diamond-like carbon or 
glass-like carbon. 

7. An apparatus for making a GaN single crystal ac- 
cording to claim 5 or claim 6, wherein a heat shield 
made of graphite is disposed outside said synthesis 
vessel. 

8. An apparatus for making a GaN single crystal ac- 
cording to claim 7, wherein said heat shield is made 
of a plurality of rectangular graphite sheets dis- 
posed close to each other. with a gap therebetween, 
such as to yield substantially a cylindrical form as a 
whole. 

9. An apparatus for making a GaN single crystal ac- 
cording to claim 7, wherein a plurality of said heat 
shields are disposed radially of said synthesis ves- 
sel. 

10. A GaN single crystal substrate made by the method 
of making a GaN single crystal according to any one 

- of claims 1 -4. 
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